Background-Intracoronary polymer-based stent delivery of paclitaxel has been shown to be effective in reducing restenosis in simple coronary lesions, but the evidence base for contemporary use in longer, more complex coronary stenoses is lacking. Methods and Results-TAXUS VI is a prospective, multicenter, double-blind, randomized trial assessing clinical and angiographic outcomes of the TAXUS Moderate Release paclitaxel-eluting stent in the treatment of long, complex coronary artery lesions. Four hundred forty-eight patients at 44 sites were randomized (1:1) between a drug-eluting TAXUS Express 2 and an uncoated Express 2 control stent. Per protocol, the 9-month follow-up included an angiographic reevaluation in all patients. The primary end point was the rate of target-vessel revascularization 9 months after the study procedure; secondary end points included the rate of target-lesion revascularization and binary restenosis at follow-up.
P ercutaneous intervention with intracoronary stents is now the most common procedure used in the invasive treatment of the patient with coronary heart disease. In previously published randomized clinical studies evaluating simple de novo coronary artery lesions, drug-eluting stents providing local drug delivery at the time of stent implantation reduced indices of restenosis, including the need for reintervention, compared with bare metal stents. [1] [2] [3] [4] [5] [6] [7] [8] [9] Because of these promising results, paclitaxel-and sirolimus-eluting stents have become widely used in clinical practice, expanding beyond the simple lesions evaluated in clinical studies to more complex lesions and procedures. Contemporary use of this new technology in the treatment of the long, complex coronary stenoses commonly seen in clinical practice is lacking an evidence base. This randomized study was specifically designed to assess the safety and efficacy of the polymer-based paclitaxel-eluting stents in patients with longer lesions often requiring the implantation of longer or multiple overlapping stents.
Methods

Paclitaxel-Eluting Stent System
The TAXUS stent consists of a balloon-expandable Express 2 stent with a triblock copolymer coating containing paclitaxel (1 g/mm 2 of paclitaxel [loaded drug/stent surface area]). The Translute polymer coating poly(styrene-b-isobutylene-b-styrene) serves as a carrier to provide uniform and controlled biphasic release of the drug into the vessel wall once the stent is deployed. Slow-and moderaterelease (MR) formulations of the polymer have been under investigation. The slow-release formulation is currently commercially available. The MR polymer formulation used in this study produces a paclitaxel release rate approximately threefold higher than the slow-release formulation on the basis of in vivo preclinical measurements. The TAXUS MR stent is premounted on a high-pressure monorail delivery catheter. An uncoated Express 2 stent (hereafter referred to as the control stent) served as the control in the study.
Patient Selection
Patients, who had to be at least 18 years of age, provided written informed consent and had to have evidence of myocardial ischemia and be eligible for percutaneous coronary intervention and acceptable candidates for coronary artery bypass grafting. Angiographic inclusion criteria included a de novo target lesion located within a single native coronary vessel with a reference vessel diameter between 2.5 and 3.75 mm, a cumulative target-lesion length of 18 to 40 mm, and a diameter stenosis Ն50%. Target lesions randomized to treatment with the study device had to be completely coverable by up to 2 study stents (maximum allowable stent length, 48 mm). Only 1 target lesion could be randomized and treated with a study stent(s) during the study procedure. To ensure a more "real-world" patient population, the study also allowed inclusion of patients with successful treatment of an additional uncomplicated nonstudy lesion located in a nontarget vessel before randomization during the same procedure.
Important exclusion criteria included recent acute myocardial infarction, poor left ventricular function, left main coronary artery disease, an ostial target-lesion location, total occlusion, or involvement of a bifurcation with a side branch diameter Ͼ2.0 mm. Treatment with additional devices (eg, cutting balloons, directional/ rotational atherectomy) was not permitted.
Study Procedure
The study was approved by the local medical ethics committees at each of the investigation sites. Patients who met the study entry criteria were randomized to receive treatment with the TAXUS stent or the control stent using an interactive voice response system. Randomization schedules using a pseudorandom number generator were stratified by clinical site and by the presence or absence of medically treated diabetes mellitus. Within each stratum, eligible patients were randomized in a 1:1 ratio to receive either the TAXUS stent or the control stent. Study devices were packaged and labeled appropriately to maintain double-blind treatment assignments.
Patients were pretreated with aspirin 75 mg and clopidogrel 300 mg (at least 2 hours earlier). A dose of intravenous unfractionated heparin was administered that was sufficient to maintain the activated coagulation time Ն250 seconds. Intracoronary nitrates (glyceryl trinitrate or isosorbide dinitrate) were given before the baseline and final angiograms were recorded. Percutaneous intervention was undertaken by use of standard techniques; balloon predilatation before stent insertion was mandated. Intracoronary stents were implanted according to the manufacturer's instructions for use. Angiographic images were recorded according to the protocol of the angiographic core laboratory. A predischarge ECG was obtained, and cardiac enzyme estimations were taken 12 to 24 hours after stent placement. Aspirin Ն75 mg/d and clopidogrel 75 mg/d were con-tinued for a minimum of 6 months after the procedure. Glycoprotein IIb/IIIa inhibitors were used at the discretion of the physician.
Follow-Up
All enrolled patients were evaluated at 1, 3, 6, and 9 months after the stent implantation procedure; follow-up at 1, 2, 3, 4, and 5 years after the study procedure is planned. At the 9-month follow-up, an ECG was recorded, and an assessment was made of drug compliance, together with repeat coronary angiography. The study was considered complete (with regard to the primary end point) after all enrolled patients had completed the 9-month angiographic follow-up.
Data Management
Site monitoring and data management and analysis were undertaken by an independent organization (PPD Development, Nuernberg, Germany); after unblinding, the investigators had unrestricted access to the data. An independent core angiographic laboratory (Brigham and Women's Hospital Angiographic Core Laboratory, Boston, Mass) analyzed the angiograms without knowledge of the patient allocation. All major adverse cardiac events were reviewed and adjudicated by an independent committee whose members were unaware of the patients' treatment allocation. A Data Monitoring Committee periodically reviewed blinded safety data.
Study End Points
The primary end point of the study was the rate of target-vessel revascularization (TVR) 9 months after the study procedure. Secondary end points included the rates of clinical procedural success, composite major adverse cardiac events (MACE) (death, myocardial infarction, or target-lesion revascularization [TLR] and TVR) at 1, 3, 6, and 9 months after the study procedure and annually for 5 years, the target-vessel failure rate, and the stent thrombosis rate. Myocardial infarctions were categorized as Q-wave and non-Q-wave; Q-wave infarction was defined as the development of new pathological Q waves in 2 or more leads lasting 0.4 seconds or more with postprocedure creatine kinase (CK)-MB levels elevated above normal; non-Q-wave infarction was defined as the presence of postprocedure CK levels Ͼ2.0 times normal with positive CK-MB.
Quantitative Coronary Angiographic Analysis
Angiographic variables derived from 9-month restudy included absolute lesion length, stent length, reference vessel diameter, minimum lumen diameter, percent diameter stenosis, binary restenosis rate, acute gain, late loss, loss index, and the patterns of recurrent restenosis, including the edge effect (ie, measurements of the in-stent segment and the analysis segment, that is, the in-stent segment plus 5 mm at either end).
Statistical Analysis
The primary objective of the study was to evaluate the clinical safety and efficacy of the TAXUS stent in reducing the rate of ischemiadriven TVR in patients with de novo coronary lesions at 9 months. The null hypothesis was that the TVR rate in the treatment group would be equal to the TVR rate in the control group (H 0 : P e ϪP c ϭ0), where P e and P c are the 9-month TVR rates for the treatment and control groups, respectively. The alternative hypothesis was that the TVR rate in the treatment group would be different from the TVR rate in the control group (H 1 : P e ϪP c 0). The calculation of the sample size (nϭ448) was based on a z test of equal proportions (normal approximation to binomial) at the 2-sided 5% significance level and 80% power. A 50% treatment effect was determined to be clinically significant assuming a control rate of 20%.
All analyses were based on the intention-to-treat principle. For continuous variables, differences between the treatment groups were evaluated by ANOVA or Wilcoxon's rank-sum test, as appropriate. For discrete variables, differences were expressed as counts and percentages and were analyzed with Fisher's exact test. Revascularization of the target lesion or vessel and the composite of major adverse cardiac events were also analyzed by the Kaplan-Meier method. Differences between the event-free survival curves for the 2 groups were compared with the use of log-rank tests.
Results
Baseline Characteristics
Between May and December 2002, 448 patients were enrolled at 44 sites in 15 European countries. Two patients who were treated with study stents without randomization (because of technical problems with the interactive voiceresponse randomization system) were excluded from the intent-to-treat analysis. Four hundred forty-six patients were randomized to receive a paclitaxel-eluting TAXUS Express 2 (nϭ219) or an uncoated bare-metal Express 2 control stent (nϭ227) ( Figure 1 ). Patients were well matched for baseline demographics (Table 1 ) and lesion and vessel characteristics ( Table 2) between the 2 groups. The mean lesion length was 20.6 mm, and the mean stent-covered length was 33.4 mm. Complex (American College of Cardiology/American Heart Association [ACC/AHA] type C) lesions were present in 55.6% of lesions, small-vessel (Ͻ2.5 mm in diameter) disease was present in 27.8%, overlapping stents were used in 27.8% of patients, and additional non-target-vessel percutaneous coronary intervention with a nonstudy stent was undertaken in 23.5% of patients.
Clinical Outcomes
The primary end point for the study was met in that the rate of TVR at 9 months was reduced from 19.4% (44 of 227) in the control group to 9.1% (20 of 219) in the TAXUS group (relative reduction, 53%; Pϭ0.0027) ( Figure 2 ). TLR was reduced from 18.9% (43 of 227) in the control group to 6.8% (15 of 219) in the TAXUS group (relative reduction, 64%; Pϭ0.0001). The TLR benefit with TAXUS was independent of the classic risk factors for restenosis; in small vessels (Ͻ2.5 mm in diameter), 29.7% and 5.0% (relative reduction, 83%; Pϭ0.0003); in long lesions (Ն26 mm), 26.3% and 4.4% (relative reduction, 83%; Pϭ0.0097); in diabetics, 22.0% and 2.6% (relative reduction, 88%; Pϭ0.0103); and in patients with multiple, overlapping stents, 23.0% and 1.6% (relative reduction, 93%; Pϭ0.0002) for the control and TAXUS groups, respectively.
Safety Outcomes
Stent thrombosis occurred in 3 of 227 patients (1.3%) in the control group and 1 of 219 patients (0.5%) in the TAXUS group (PϭNS) during the 9-month study period. No patient suffered a stent thrombosis in the 3-month period after cessation of the 6-month therapy with clopidogrel and the 9-month follow-up. Overall MACE (death, acute myocardial infarction, TVR) at 9 months was similar in the 2 groups at 22.5% and 16.4% in the control and TAXUS groups, respectively (Pϭ0.12). The components of MACE and other clinical outcomes are detailed in Table 3 .
Angiographic Outcomes
Follow-up 9-month angiography was available in 417 patients (93.5%), 210 of 219 (95.9%) of the TAXUS group and 207 of 227 (91.2%) of the control group (Table 4 ). Binary restenosis (rate of patients with % diameter stenosis in-stent Ͼ50% at follow-up) was reduced from 32.9% in the control group to 9.1% in the TAXUS patients (relative reduction, 72%; PϽ0.0001) (Figure 3 , A-C). The TAXUS benefit in binary restenosis was independent of the classic risk factors for restenosis; in small vessels (Ͻ2.5-mm diameter) 40.4% and 7.3% (relative reduction, 82%; PϽ0.0001), in long lesions (Ն26-mm), 50.0% and 7.0% (relative reduction, 86%; PϽ0.0001), in diabetics 40.5% and 8.1% (relative reduction, 80%; Pϭ0.0015), and in patients with multiple, overlapping Values are expressed as % (n/N) where indicated or as meanϮSD. stents 45.5% and 4.8% (relative reduction, 89%; PϽ0.0001) for the control and TAXUS groups, respectively. Late lumen loss (reduction in minimum lumen diameter from after the procedure to follow-up) was reduced from 0.99Ϯ0.59 to 0.39Ϯ0.56 mm (PϽ0.0001) in stent and from 0.66Ϯ0.62 to 0.24Ϯ0.57 mm in the analysis segment (including the stented area plus the proximal and distal 5-mm edge, PϽ0.0001). Details of the continuous and binary 9-month quantitative angiographic results are presented in Table 4 .
The length of in-stent restenosis in the TAXUS group was significantly shorter than in the control group at 10.8Ϯ6.05 and 17.7Ϯ9.72 mm, respectively (Pϭ0.0048), with a significant shift to more focal restenosis in the TAXUS patients. At 9-month angiographic follow-up, late acquired aneurysms (defined as vessel distension Ն1.2 times reference vessel diameter present at follow-up but not after the procedure) were observed in 1 control patient (0.5%) and 3 TAXUS patients (1.4%) (Pϭ0.62).
Discussion
The impact of coronary heart disease on the health economy is profound, and percutaneous coronary techniques have become the dominant treatment option, particularly because the advent of intracoronary stents has resulted in a predictably low periprocedural complication rate. The Achilles heel of bare-metal stent implantation has been the development of angiographic in-stent restenosis. After implantation of a bare-metal stent, there are a number of established predictors of restenosis, particularly lesion length and complexity, vessel diameter, and the presence of diabetes mellitus. 10 This prospective, multicenter, double-blind, randomized trial provides, for the first time, the evidence base for the treatment of patients with these risk factors. The population evaluated in this study is representative of patients presenting in current clinical practice and is the most challenging so far treated with drug-eluting stents, with lesion lengths Ͼ20 mm, implanted stent covered length 33.4 mm, overlapping stents used in 27.8%, complex (ACC/AHA type C) lesions present in 55.6% of lesions, small-vessel (Ͻ2.5-mm diameter) disease in 27.8%, and medically treated diabetes in 17.8%.
In this high-risk group, superior and concordant results were found for the TAXUS stent for clinical and angiographic measures of restenosis compared with the control bare stent. In-stent binary restenosis was reduced in the TAXUS group to 9.1% from 32.9% in the control patients (Pϭ0.0001; relative reduction, 72%). Published trials assessing the angiographic response to bare-metal stents implanted in long lesions predict a binary restenosis rate of 39% to 45%, 11, 12 comparable with bare-metal stents used in the control limb of the other published drug-eluting stent trials of simple lesions, for example, 36.7% in the RAVEL trial, 5 35.4% in the SIRIUS trial, 6 and 42.3% in the E-SIRIUS trial. 7 Despite the already favorable angiographic result with the control (Express 2 ) stent, there was an additional 53% reduction in TVR (the primary end point of the study) from 19.4% to 9.1% in the TAXUS group compared with control (Pϭ0.0027). Thus, direct patient benefit for the reduced need for either redo percutaneous or surgical revascularization as a consequence of ischemia-driven restenosis of the study vessel is demonstrated for the TAXUS MR stent.
Safety in terms of MACE at 9 months was statistically similar in the 2 groups (16.4% and 22.5% in the TAXUS and control groups, respectively, Pϭ0.12), Non-Q-wave myocardial infarction trended numerically higher in the TAXUS group at 9 months, reflecting the in-hospital non-Q-wave myocardial infarction rate associated with the index procedure (in-hospital non-Q-wave infarction 5.9%, 13 of 219; and 3.1%, 7 of 227, Pϭ0.17, in the TAXUS group and control patients, respectively). In that lesion complexity in the 2 groups was well matched, the cause of this discrepancy remains unclear; possible explanations include an increase in side-branch compromise because of the (thicker) polymercoated stent struts, a polymer-induced local response, and microembolization, among others.
Previous concerns relating to the possible association between thrombosis and drug-eluting stents have not been realized, with only a single stent thrombosis in the TAXUS group (0.5%) and 3 stent thromboses in the control group (1.3%) at 9 months (PϭNS). Importantly, no stent thrombosis occurred in the 3-month period after clopidogrel had been discontinued when patients were maintained on low-dose aspirin alone, although this trial was not powered to investigate prospectively the incidence of stent thrombosis, which, with a frequency of Ϸ1%, would require a randomized trial of 10 000 to 20 000 patients.
Late-acquired aneurysms were not found significantly more frequently in the TAXUS group compared with control patients (1.4%, 3 of 209, versus 0.5%, 1 of 207, respectively; Pϭ0.62), despite the higher local paclitaxel release from the TAXUS MR stent used in this trial compared with the TAXUS SR stent that has been assessed in earlier studies. [1] [2] [3] [4] Further insights into aneurysm formation (including the question of inadequate or incomplete healing) are likely to be realized in the Taxus VI intravascular ultrasound substudy (nϭ179), which will be reported in detail elsewhere.
When the data become available, a comparison of the outcomes from the TAXUS V trial (using the SR formulation) will allow a detailed analysis of the efficacy and effect of the 2 paclitaxel dose formulations in similar patient subsets.
There was no deleterious "edge" effect in the TAXUS group, such that the relative reduction in binary restenosis was similar within the in-stent and the analysis segments ( Figure 3) .
The results of treatment in the predefined diabetic subgroup of 89 were very gratifying, with a reduction of in-stent binary restenosis from 40.5% in the control group to 8.1% in the TAXUS group (Pϭ0.0015; relative reduction, 80%), which was consistent across the various diabetic subgroups regardless of medication, glycemic control, or severity of the disease.
Taken together, these findings support the National Institute for Clinical Excellence (NICE) guidance in the United Kingdom in relation to the clinical and cost effectiveness of stents (including drug-eluting stents), 13 who base their recommendations on angiographic indices, namely, a targetvessel diameter of Ͻ3.0 mm and a target-lesion length of Ͼ15 mm for the use of drug-eluting stents. It was suggested that these higher-risk lesion subsets may be present in one third of patients; more recent evidence shows that these characteristics are present in 77% of a population undergoing percutaneous treatment in a typical UK referral center. 14 Before the advent of drug-eluting stents, operators used the shortest possible stents to treat the lesion (so called "spot" stenting) because of awareness that the likelihood of restenosis was related to the implanted stent length. This study Values are expressed as % (n/N) where indicated or as meanϮSD.
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confirms the applicability of "stenting long" with a lesion-tostent ratio of 1:1.7, thus stenting back to angiographically "normal" vessel on either side of the lesion without the penalty of late in-stent restenosis. In patients who did develop in-stent restenosis, the lesions were significantly shorter and more focal in the TAXUS group, thus facilitating further treatment with conventional percutaneous techniques.
Limitations of the study include the possibility of increasing the likelihood of developing in-stent restenosis in the control patients as a result of using a "stenting long" strategy.
Also, although a clinical assessment of patient status was made before undertaking the 9-month angiogram, the "oculostenotic reflex" may have affected the TLR rate.
This study extends the applicability of drug-eluting stents beyond proof of concept studies 15 evaluating single, discrete lesion stenting by confirming the safety and efficacy of the TAXUS MR stent system in the treatment of long, complex coronary artery lesions, including small vessel diameter and multiple overlapping stents. Since the commercial availability of drug-eluting stents in Europe in 2002, percutaneous intervention has become the most frequently used revascularization option; this study makes the decision making all the more rational.
